A proteolytic enzyme was isolated from human senile cataractous lens by anion-exchange and gel-filtration chromatography. Sedimentation and zoneelectrophoretic experiments indicated a high degree of homogeneity for the enzyme. A molecular weight of 27000 was calculated from measurements of sedimentation velocity and diffusion coefficient. Chelating agents decreased activity which could be restored by addition of certain bivalent metal ions. Diisopropyl phosphorofluoridate and phenylmethanesulphonyl fluoride inhibit the proteolytic activities. Optimum rates of hydrolysis were observed at pH5.2.
Early evidence to suggest the existence of enzymes that catalyse the intracellular hydrolysis oflens proteins was reported by Krause (1933) . This investigator maintained that the bovine lens possessed a proteolytic enzyme that hydrolysed ,8-crystallin and albumin under acid conditions. The presence of polypeptidase in mammalian lens tissue was subsequently investigated by Abderhalden & Hanson (1938) . They employed a partially purified ox lens extract which rapidly hydrolysed L-leucylglycine at pH8.0 and appeared to be more active on the addition of Mg2+. Dailey, Zeller, Wakin, Herrick & Benedict (1951) showed that certain L-peptidases in undialysed rabbit lens homogenates will hydrolyse L-glycyl-leucine, L-leucylglycine and L-leucylglycylglycine. Hanson & Methfessel (1958) found that the soluble fractions of bovine lens hydrolysed L-leucylglycylglycine, L-leucylglycine and L-leucinamide on activation with Mn2+ ions. Zeller, Banerjee & Shoch (1960) and Zeller & Devi (1957) studied the esteratic properties of a lens peptidase that catalysed the hydrolysis of L-glycylleucine, L-leucylglycylglycine and phenylalanine ethyl ester. Esterase activity was investigated on cattle lens homogenates by Devi (1959) . From differences in hydrolysis of various synthetic amino acid esters, and specifically by using phenylalanine ethyl ester, he concluded that the lens enzyme is identicalwithchymotrypsin. Spector (1961) reports that calf and rabbit lenses appear to have only an amino acid esterase, specific for L-amino acid esters having a free NH2 group. A variation in activity was noted in the enzyme leucinamidase of lens extracts from different species of mammals (Kleine & Hanson, 1961) . Waley & van Heyningen (1962) were able to demonstrate separation of a neutral lens proteinase from leucine aminopeptidase. They concluded this enzyme might be an endopeptidase. It was found to be inhibited by thiol inactivators. Their purified enzyme preparation attacked a2-crystallin, serum albumin and haemoglobin. Wolfe & Resnik (1963a,b) have reported results on leucine aminopeptidase from lens preparations of several mammalian species. By comparing a purified aminopeptidase from hog kidney with the proteolytic activity of bovine, porcine and ovine lens preparations (crude homogenates with purified lens preparation) with a series of amino acid ,B-naphthylamides, dipeptides and metal-ion requirements, they found certain similarities between the rate of hydrolysis for the two different tissue enzymes. Swanson (1966) and Swanson, Raley & Jeter (1967) described the isolation of lysosomes identified by the activities of their enzymes in bovine lens epithelium cells. Their results clearly indicate the presence of hydrolytic enzymes in mammalian lens tissue.
However, in contrast with the well-characterized proteolytic enzymes of digestive secretions (namely the pancreatic and gastric juices of various mammals) mammalian lens proteases have been investigated only to a limited extent; few have been extensively purified, and of these, much remains to be learned about either physical or catalytic properties. An interest in the loss of protein in advanced cataractous human lenses, possibly due to proteolysis, prompted us to undertake the purification of a proteolytic enzyme from human senile cataractous lenses. We describe herein a procedure for the isolation of a lens protease in apparently homogeneous form and report some ofits physicochemical characteristics. (Burgum, Prescott & Hervey, 1964) .
Hlydrolysis of esters was determined by an assay system of Schwert & Takenaka (1955) by using 1mM-benzyl-Larginine ethyl ester in 5mM-tris-HCl buffer, pH 7.6. One esterase unit was arbitrarily defined as the amount of enzyme that produces an increase in E253 of 1.0 (1 cm light-path) in 10min measuring the bond cleavage at 25°C.
It has already been established that lens tissue possesses the ability to hydrolyseL-leucine ,-naphthylamide, which is widely used as substrate for aminopeptidase (Goldbarg & Rutenburg, 1958 Chromatographic procedures. DEAE-Sephadex A-50 and Sephadex G-75 were dispersed in water and allowed to swell. After the fine particles had been decanted several times, the gel was poured into a chromatographic column. The gel was then equilibrated in the first buffer to be used in the elution procedure. The effluents were collected as described in the legends to the figures. The E280 was measured, with a Gilford model 2400 automatic recording spectrophotometer.
Amino acid analy8i8. Dried and ash-free enzyme samples (0.42-0.5 mg/ml) were dissolved in 3.0 ml of glassdistilled, constant-boiling HCI and the solution was divided into three tubes and sealed under vacuum. After 24, 48 and 72h hydrolysis at 110°C, the hydrolysates were filtered and evaporated to dryness in vacuo. The samples were dissolved in 1% HCI for application to a column (130cm) of Chrombeads B in a Technicon amino acid analyser. Cysteic acid was determined on a sample oxidized with performic acid as described by Moore (1963) . The tyrosine/tryptophan ratio was determined by the procedure of Beneze & Schmid (1957) .
Ultracentrifugal analysis. Approximate molecular weights were determined by approach-to-equilibrium studies, which were done in a Spinco model E analytical ultracentrifuge by the procedure described by Archibald (1947) . The sedimentation velocity experiments were performed at 40C and 60000rev./min by using a doublesector cell with an aluminium-filled Epon centrepiece.
With human senile cataractous lens in various stages of opacification (a partial cloudiness to a complete opaqueness for the ocular lens tissue) there were pronounced differences in the gross proteolytic activity, protein content, esterase and arylamidase activities from group to group (12 per group), and these variations affected the patterns obtained in chromatographic isolation steps. However, lens groups did not materially affect the efficiency or reproducibility of the overall enzyme purification procedure, which has been conducted with samples of crude lens homogenates ranging in size from 2 to 4g. The studies presented below were obtained in an isolation experiment starting with 3.5g of crude lens material.
EXPERIMENTAL AND RESULTS
Enzyme purification procedures Phase I: preparation of the human senile cataractoUs lense8 for column chromatography. To prepare a homogenate, lenses were stirred at 4°C with 50ml of 5mM-tris-HCl buffer, pH8.5, to give a suspension of cortical and nuclear fibres. After 20-30min the suspension ofcortical fibres was decanted and homogenized in a motor-driven tissue grinder with a Teflon pestle. The suspension was centrifuged for 30min at 40C in a Sorvall RC2-B automatic refrigerated centrifuge (approx. 5400g) and the supernatant fluid decanted from the sedimented albuminoid and other insoluble proteins. The supernatant solution was dialysed for about 12h against the 5mM-tris-HCl buffer, pH 8.5, and centrifuged. This fluid served as the starting material.
Phase II: chromatography on DEAE-Sephadex A-50. All phases or steps of the purification procedure were carried out at 40C unless otherwise Fig. 2 . Rechromatography on DEAE-Sephadex A-50 in 5mM-borate-NaOH buffer, pH9.2, of fraction I. Phase II was applied to a column (2.5 cm x 50 cm) and was eluted at a rate of 60 ml/h. Fractions (10 ml each) were collected in tubes containing 2 ml of 0.1 M-Na2HPO4 (adjusted to pH 8.0) to decrease the alkalinity of the effluent and thus to minimize the possibility of denaturation. -, E280; o, proteolytic activity; A, esterase activity; *, arylamidase activity; ----, NaCl gradient (0-1.OM). Peak Phase IV: chromatography on Sephadex G-75.
Peak III was dialysed for about lOh against 41 of 5mM-tris-HCl buffer, pH8.5, and applied to a column of Sephadex G-75. The protease was eluted in 5mm-tris-HCl buffer, pH8.5. The first peak of extinction contained opalescent material; a second peak (peak A), possessing all the protease activity, emerged in tubes 11-24. The elution was continued until the extinction at 280nm dropped sharply. This filtration step facilitated the separation of all the esterase activity from the protease, thus revealing two major components, as shown in Fig. 3 . In some preparations it was found necessary to fractionate the enzyme preparation further to eliminate the esterolytic activity present in phase IV. Phase V: rechromatography on DEAE-Sephadex A-50 at pH9.6. It was apparent that both the esterase and arylamidase contamination, when they appeared, could be removed by rechromatography on DEAE-Sephadex A-50 at pH9.6. When this treatment was used, peak A from phase IV was dialysed for 24h against 5mm-borate-NaOH buffer, pH 9.6, concentrated to about 0.7mg/ml, and then placed on a column of DEAE-Sephadex A-50 equilibrated with the dialysing buffer. After the sample had entered the gel bed, the protease was eluted with a linear gradient of sodium chloride (20mM-0;5M) in the same buffer. This procedure produced two sharp peaks; the first peak was active toward benzyl-L-arginine ethyl ester and inactive toward bovine plasma albumin, the second peak was the protease free from esterase and arylamidase. If a third peak was eluted it was active toward leucine ,B-naphthylamide substrate and inactive toward the other two substrates. Representative separations on DEAESephadex A-50 and Sephadex G-75 depict steps of phases in the isolation experiment summarized in Table 1 , which reveals that the specific proteolytic activity was increased about tenfold.
Disc electrophoresi. In Fig. 4 lactalbumin and both the soluble and insoluble bovine lens proteins, but purified protease preparations were devoid of activity towards casein and ovalbumin substrates (Table 3) . It is noteworthy that the cataractous lens protease exhibited activity toward both the soluble and insoluble bovine lens proteins.
The behaviour of the protease on some synthetic substrates is also shown in Table 3 . The human senile cataractous lens protease possessed peptidase activity, as evidenced by its action on N-Z-Lglycylphenylalanine. Hydrolysis was noted with N -acetyl -L -phenylalanine ethyl ester and Nbenzoyl-L-arginine amide hydrochloride substrates. Weak activity was observed toward the trypsin substrate p-tosy-L-arginine methyl ester during the 2h period of incubation. However, the enzyme was devoid of activity toward benzylarginine ethyl ester, leucine ,B -naphthylamide, N-acetyl -Ltyrosine amide, glycyl-L-phenylalanine amide atceate, glycyl-L-tyrosine amide acetate, DL-leucine amide hydrochloride and L-tyrosine ethyl ester.
pH optimum. The effects of pH on enzymic activity and stability were investigated with a buffer composed of equimolar (0.1M) citric acid, sodium citrate and veronal, adjusted with hydrochloric acid to the pH values desired (Peterson, Johnson & Price, 1948) . The bovine plasma albumin substrate was dissolved in the buffer at the pH values indicated in Fig. 5 , and activity was assayed in the usual manner. Maximum activity occurred near pH5.2.
Effect of bivalent cations. The need of metal ions for enzymic activity was tested by dialysing the purified enzyme against 0.02M-EDTA for 18h at pH5.2 (sodium veronal buffer) and the excess of EDTA was removed by dialysis against deionized water.
As can be seen from Table 4 , the cations Co2+, Ni2+ and Mn2+ approximately doubled and tripled the rate of hydrolysis of bovine plasma albumin by the purified enzyme. There was no activation Enzyme activity with natural substrates (2% concentration) was determined as E660 units/ml. Protease activities with synthetic substrates were measured by the quantitative ninhydrin procedure of Moore & Stein (1954) . Substrate concentrations were 0.1 mm in 0.05M-veronal buffer, pH 6.5; 0.5 ml of substrate was incubated with 50,1L of enzyme at 40°C. Activity is expressed as ,tmol of amino acid released/ml of reaction mixture per 2 h. The extent of hydrolysis was determined by referring to previously prepared tables of amino acid equivalents, and of colour yields for individual amino acids (Moore & Stein, 1954 Effect of inhibitors. The effect of a number of group-specific inhibitors is shown in Table 5 together with restoration of activity accomplished by the addition of several cations. Di-isopropyl phosphorofluoridate, phenylmethanesulphonyl fluoride, and EDTA all strongly inhibited the enzyme, whereas o-phenanthroline at two different concentrations, p-chloromercuribenzoate, cysteine and sodium cyanide showed partial or no inhibition at all. The activity of the enzyme apparently does not bear a unique relationship to a single metal, inasmuch as C02+, Ni2+ and Mn2+ ions all were capable of restoring activity to the EDTA-and phenylmethanesulphonyl fluoride-inhibited protease, albeit with different effectiveness.
Temperature stability of the enzymes. The enzyme was more stable in tris and veronal buffers than in phosphate or borate-NaOH buffers. Substantial losses in activity were encountered during purification in freezing or freeze-drying (0.104g/ml) the enzyme; storage at 4.6°C proved to be the most satisfactory. When the protease was exposed to room temperature for 2h or longer, 80-95% of the activity was lost. Table 6 shows the effects of the temperature of incubation and indicates that maximum proteolytic activity for a 15min reaction occurs at approx. 400C. At 500C, the half-life of the enzyme was 0.5min, as determined by heating 0.1 ml samples of the enzyme at that temperature for various periods of time, then quickly cooling in an ice-water bath, and determining the remaining activity by the bovine plasma albumin substrate assay.
Molecular weight. On the basis of the values of sedimentation and diffusion measurements the molecular weight was calculated to be 27000 from the following Svedberg equation: M = RTS/ (1 -ivp) D, where T is the absolute temperature, 582 A. A. SWANSON AND J. T. NICHOLS Fig. 6 . Analytical ultracentrifugation of purified human senile cataractous lens protease. Shown are schlieren images obtained during the sedimentation at 22, 46 and 62min after reaching full rotor speed of 600000rev./min; the protein concentration was approx. 1% in 0.1m-tris-HCl buffer and 0.1 M-NaCl, pH 7.0; the bar angle was 600 and the temperature was 4°C; sedimentation was from right to left. Fig. 6 . The molecular weights obtained by the approach to equilibrium procedure are shown in Table 7 and agree closely with the molecular weight by sedimentation velocity and diffusion. This compares with the minimum molecular weight as calculated from amino acid composition of 25000.
DISCUSSION
The results presented above indicate that a reproducible procedure for the isolation ofa protease from human senile cataractous lens has been achieved. This procedure results in the isolation of a protease in apparently homogeneous form as evidenced by several criteria including chromatography on DEAE-Sephadex A-50 at pH 9.6, electrophoresis, ultracentrifugation and enzymic activity. The modest increase in specific activity attained (9-to 9.65-fold) is probably due to the fact that this enzyme is quantitatively one of the principal components of the unfractionated cataractous lens, as indicated by the disc-gel-electrophoretic pattem in Fig. 4 . Also, the cataract lens contains more insoluble protein than normal lens. Quantitative densitometric measurement of the disc-gel-electrophoretic pattern of the crude lens indicated that the protease constituted approx. 8% of the total protein.
Individual groups of cataractous lenses, however, differed somewhat from one another with respect to the total and relative amounts of protease, and other proteins present in the starting material. Variation between groups could be expected because the lenses were not uniform in size, age and degree of opacification reflected as denatured protein.
The human senile cataract lenses that were removed at cataractomies ranged in age from 45 to 75 years. These variables necessitated that every isolation experiment be conducted by monitoring the results of each step by assays for all of the enzymic activities and for total protein to permit the repetition or insertion of a step whenever it was desirable.
Our evidence clearly shows that purified senile cataractous lens protease differs in properties from some of the known aminopeptidases isolated from the lens by Wolfe & Resnik (1963a) and Spector (1963a,b) or esterases discussed by Spector (1961) . Likewise, our protease bears no resemblance to Devi's (1959) esterase, suggesting his enzyme was identical with mammalian chymotrypsin. It must be pointed out that Devi (1959) employed a nonpurified bovine lens homogenate to hydrolyse various synthetic amino acid esters, specifically the phenylalanine ethyl ester. In the course of our purification of a human senile cataractous lens protease, we show esterase activity, but have not characterized it. Also, other protein preparations (denatured haemoglobin and lactalbumin) were degraded by the protease, although more slowly or less exhaustively than bovine lens protein. Casein, which is stable under these conditions of assay, was entirely unaffected by the protease. The situation with lactalbumin seems to be intermediate between these two extremes (bovine lens protein and casein). The other differences observed in the presence of metal ions and inhibitors do not concur with any known proteolytic enzyme isolated from lens tissue. The observed inhibition by di-isopropylphosphorofluoridate and phenylmethanesulphonyl fluoride implicate a serine residue in the active site Vol. 125 583 of this enzyme, as inhibition by these reagents is presumably restricted to the 'serine enzymes'. It seems reasonable to expect that a variety of enzymes of differing physical properties and catalytic specificities may be discovered in cataractous lens tissue as well as in normal lenses.
It will be worth while to make detailed kinetic analyses of the human senile cataractous lens protease and to identify the esterase and arylamidase as well as other protease peaks found in various fractions.
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